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In a recent paper (1) we reported that after gentle swabbing of the throat of 
cynomolgus  monkeys with poliomyelitis virus, the regional peripheral ganglia 
(Gasserian, nodose, superior cervical sympathetic, and celiac) showed significant 
lesions, including neuronophagia, as early as 2 days, and recoverable virus as 
early as 3  days (except in the celiac ganglion)  after the initial exposure. Virus 
continued to be demonstrable in one or more of them up to the 8th day, appar- 
ently passing its maximum concentration after the 5th day. 81 per cent of the 
test monkeys showed no lesions in the central nervous system, and the remain- 
der only minute scattered ones. We concluded that the primary infection had 
occurred in the peripheral ganglia, in accordance with the neurocytotropism of 
poliomyelitis virus, beginning at a  strikingly early time after initial exposure, 
and that there was no evidence of or reason to postulate primary extraneural 
infection. 
Although we believe that the method of exposure used in these experiments 
was justly comparable to that occurring in man when virus is ingested, it was 
later criticized as too artificial to be related without reservation to the human 
situation. For this reason we have conducted another series of experiments in 
which the same strain and lot of virus, mixed with the ordinary feed, was merely 
ingested by monkeys without any manipulation at all. 
The recent demonstrations by Horstmann (2) and by Bodian (3) of virus in 
the circulating blood after oral administration of it have led us to include similar 
tests in the present series. 
Methods 
Virus.--The virus used, Wis '45, was of the same strain and lot (PDs0, 4.9) employed in 
the earlier experiments with oral swabbing. It belongs to group 1 (Brunhilde) and has been 
found by us to cause infection with great regularity when given orally in the ordinary feed,-- 
which is the standard mixture supplied by Okatie Farms, Pritchardville, S.  C., composed 
mainly of ground wheat with additions of soy bean oil meal, powdered milk, alfalfa meal, 
sugar, bone meal, CaCO5, NaC1, and vitamins. Mixed with water, it forms a soft pultaceous 
mass. 
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Monkeys.--12 monkeys, all Phih'ppine cynomolgus (Macaca irus),  of average size (5 to 8 
pounds) were prepared by intracranial section of the olfactory tracts from 15 to 25 days before 
exposure, to rule out possible olfactory entry, which occurs occasionally after simple feeding. 
Technic of Administration.--On  the test day, the animals were placed in individual cages 
and were given no other food than the two egg-sized masses, in each of which 1.5 ml. of 33 per 
cent suspension of virus (PD~0, 4.9)  was mixed, one being offered at 9 a.m.,  the other at 4 
p.m.  of the same day. The food was eaten completely by all monkeys but one, which was 
therefore not used. The total amount of virus ingested was 80,000 PDg0 per animal. 3 animals 
were sacrificed at 3 days, and 4 each at 5 and 6 days after feeding. From each, 15 ml. of blood 
were removed by cardiac puncture, followed by as complete exsanguination as possible and 
removal of ganglia. 
Preparation of Ganglia  for Subinoculatgon.--For  the dissection of each pair of ganglia, sep- 
arate, sterile instruments were used and extreme care taken to prevent cross-contamination. 
Pooled like ganglia from each day were kept in the low temperature refrigerator at -30°C. 
until prepared for subinoculation. Preparation of ganglia consisted of manual grinding with a 
minimal amount of alundum and about 0.5 ml. of saline in chilled sterile mortars placed inter- 
mittently on a block of dry ice to maintain a semlfrozen state. When disruption was appar- 
ently complete, the suspension was thawed~ and saline added to a total volume of about 2.5 
ml. The suspensions were stored, uncentrifuged, in the low temperature refrigerator until the 
day of inoculation, when they were alternately thawed and refrozen 3 to 5 times and centri- 
fuged at low speed. The supernate was inoculated intrathalamically into cynoraolgus monkeys 
(1.0 ml. per animal). 
Preparation  of Blood for Subinoculation.--The  blood removed by cardiac puncture from 
each animal was hepariuized and pooled by groups (3 to 4 animals for each day after feeding); 
and kept frozen until prepared for inoculation. It was then thawed, during which time the 
red cells became hemolyzed, and centrifuged for 10 minutes at 18,000 R.P.M. The supernatant 
plasma was then centrifuged for 4 hours at  18,000  R.P.R. and the pellets resuspended in 3 
ml. of saline (suspension 1).  The remaining plasma was mixed with the sediment from the 
preliminary centrifugation (suspension 2). Into each test animal,  1 ml. of suspension 1 was 
inoculated intrathalamically and  15 ml. of suspension 2,  intraperitoneally. Thus, each sub- 
inoculated animal received 15 to 20 ml. of original blood, an amount several times that used 
by Horstmann and by Bodian in their experiments. 
Histological Examination  of the CNS.--Sections  from the CNS were examined in all the 
test animals. The entire brain and cord was fixed  in 10 per cent formalin-i per cent acetic 
acid. The diencephalon and brainstem were imbedded in celloidin and sections examined at 
0.25 ram.  intervals. Two levels of cervical, two of thoracic, and one of lumbar cord  were 
examined in paraffin sections. 
Controls.--2  cynomolgus monkeys, with previous olfactory tract section, fed at the same 
time as the experimental series, developed paralysis at 8 and 9 days. In previous studies, 5 
cynomolgus monkeys without olfactory tract section fed the same strain, but not the same 
pool, came down on the following days: 12 (2), 13 (1), 17 (2). The median incubation period 
for the entire group was 12 days; range 8 to 17 days, figures which are somewhat higher than 
after swabbing (1), in which the median was 9 days and the range 7 to 16 days (13 monkeys) 
with 8 within the 7 to 9 day range. 
Summary of Virus Recoveries and CNS Lesions 
These are summarized in Table I. Virus was recovered on the 3rd day from 
the nodose ganglia and the blood; but not from the Gasserian, superior cervical 
sympathetic,  and celiac ganglia. At 5  and at 6  days it was recovered from all 
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Days after  feeding..  3  6 
Monkey  No .........  C9-04  C9-06  C9-10  C9-03  C9-05  C9-08  C9-13  C9-11  C9-12 
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P, positive subinoculation with paralysis. O, negative subinoculstion. 
v, perivascular infiltration  (~g).  -I-, parenchymal infiltration.  O, no lesions. 
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At 3 days, the CNS showed a few scattered, small perivascular infiltrations 
in 2 animals, comparable with those noted by us in a previous study in unin- 
fected monkeys. In the 3rd animal (C0-06),  cuffing was more widespread and 
some parenchymal infiltrations were seen, with many localizations in the white 
matter, which has been unusual in our experience with experimental poliomye- 
litis. No neuronophagia was observed in any of the 3. At 5 days, the CNS of 
one animal showed no lesions at all; one showed a  single small cuff; and one 
showed a few scattered cuffs plus parenchymal infiltrations in the mesencepha- 
lic V nucleus and in motor VI. The 4th animal (C9-13)  showed unmistakable 
evidence of invasion of the CNS, with heavy cuffing, infiltrations, and neuro- 
nophagia in the right facial (VII) nucleus; in addition there was moderate to 
heavy cuffing in the sensory nuclei of V (more on the right) and in the reticular 
formation of the pons and medulla, plus lighter cuffing in the hypothalamus and 
the right solitary nucleus (IX, X). At 6 days, the CNS was essentially negative 
in one animal; in another there was scattered cuffing and parenchymal infiltra- 
tion, but no neuronophagia; but in the other 2 (C9-11,  C9-12)  there was defi- 
nite evidence of CNS  invasion, with heavy lesions,  including neuronophagia, 
in the right facial nucleus in both cases. In one of these animals (C9-11),  there 
was a little cuffing in the right spinal V nucleus, and in the thalamus, reticular 
formation, and basal ganglia; while in  the other  (C9-12)  there was a  small 
polymorphonuclear infiltrate in the right spinal V nucleus, indicative of very 
recent infection, and moderately heavy parenchymal infiltrations in the central 
gray of the midbrain, the right mesencephalic V nucleus, the locus coeruleus, 
and the reticular formation. 
No lesions were found in the spinal cord in any of the animals; however, the 
cord was not as thoroughly investigated as was the brainstem. In view of Bo- 
dian's (3) recent suggestion that virus may invade the CNS through the area 
postrema in the medulla, this area was carefully examined in all cases, with en- 
tirely negative results. No histological evidence of invasion through the epen- 
dymal or meningeal surfaces was found. 
The principal differences between the results of the present experiments in 
which exposure to virus was by feeding and the previous ones (1) in which it was 
introduced by gentle oropharyngeal swabbing were as follows.  In the fed ani- 
mals, only one peripheral ganglion (nodose) contained detectable amounts of 
virus at 3  days, whereas after swabbing, 3 were positive (nodose, Gasserian, 
and superior cervical sympathetic). On subsequent days, however, close agree- 
ment was obtained. In respect to involvement of the CNS prior to the onset of 
paralysis, 3 of 11 animals in the feeding series showed unmistakable histological 
signs of in~casion (one at 5 and 2 at 6, days), whereas in the swabbing series, such 
lesions as were found were inconclusive through the 9th day. However, 4 of the 
swabbed animals developed paralysis (one at 7, 2, at 8, and one at 9 days) and 
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as they were, were therefore quantitative rather than qualitative, and no greater 
than are often obtained in repetitive biological studies of this general character. 
It should perhaps, be noted that the amounts of administered virus in the feed- 
ing series were about three times those used in the swabbing study. 
DISCUSSION 
The present experiments  show that the results of simple feeding are essen- 
tially the same  as those previously obtained by gentle oropharyngeal swab- 
bing in respect  to early invasion of the peripheral  ganglia connected with the 
alimentary tract, and confirm our previous  conclusion that these are the site 
of the initial infection.  They show quite clearly that the swabbing procedure 
itself did not, as has been implied by others (3), create an unnatural and arti- 
ficial mode of entry that should not be regarded as  comparable  to natural 
conditions.  Whether the slight friction incidental to the normal mastication 
of solid food in the mouth and pharynx conduces to penetration of virus into 
the mucosa and its nerve endings is perhaps an academic  question,  but may 
have  some bearing on the low percentage of takes obtained by Howe and 
Bodian (4) when virus as such was merely dropped in the mouth. 
The fact that on the 3rd day after feeding virus was recovered only from the 
nodose  ganglia,  while  after swabbing it  was  recovered  from  the  Gasserian 
nodose, and superior  cervical sympathetics, we suspect may be related to the 
fact that in the swabbing  experiments  exposure  was  heaviest and occurred 
over a longer period in the mouth area, which  is supplied mainly by the Gas- 
serian ganglian (V cranial),  than in the pharynx, which is supplied mainly by 
the nodose (X cranial),  whereas in the feeding experiments  the contrary con- 
dition may have obtained. In any case, on the 5th day in both series of ex- 
periments,  all three of these ganglia and also the celiac contained demonstrable 
V~rUS. 
In view of the comparability of the results  in the two sets of experiments, 
we call attention to the fact that in the swabbing series, histological  studies 
(which were not performed in the present series) showed typical and significant 
lesions  (including  chromatolysis and  neuronophagia)  in  the  three  ganglia 
connected with the upper alimentary tract 2 days after exposure, showing that 
infection had begun in these tissues less than 48 hours after the initial surface 
contacts. 
Horstmann (2)  has recently  detected  virus  in  the whole blood of  c?nomolgu.s 
monkeys and chimpanzees at 4 to 6 days,  and Bodian (3) in the serum of 2 
chimpanzees at 8 and 13 days,  respectively,  after  feeding.  Using much larger 
quantities  of  blood,  we have obtained positive  results  on the  3rd,  5th,  and 6th 
days, all  of which were simultaneous with positive  virus  tests  in one or more 
of the peripheral  ganglia,  connected with the alimentary tract.  Viremia obvi- 
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sumes to be the "alimentary mucosa," and Paul (5) to be extraneural tissues 
("muscles, or lymphnodes or elsewhere"), and we believe to be the nerve cells 
of the peripheral  system. Since a basic principle  of the pathogenesis  of polio- 
myelitis is  involved,  the divergent views and  the facts on which  they are 
based merit further discussion. 
The evidence adduced in favor of extraneural infection falls into two cate- 
gories: (a) the successful cultivation of the virus in non-neural  tissues (6); (b) 
the fairly regular appearance  of virus during the presymptomatic period  in 
the blood of experimental  animals (2, 3); in the pharynx and intestine, before 
and after the onset of symptoms, in both experimental  animals and man (7); 
and,  occasionally  (mainly in human postmortem material)  in lymphnodes, 
muscle, spleen, and some other tissues (8, 9). In regard to (a), one of us (10) 
has recently pointed out that the highly artificial  conditions of tissue culture 
differ so much from natural in vivo conditions that valid comparison is impos- 
sible. It should be noted that in tissue cultures definite pathological changes in 
the cells are constant (11) whereas in the extraneural tissues of infected ani- 
mals  and  human beings  (barring  secondary complications)  none have been 
found. Bodian's (12) recent comment may be cited in support of this state- 
ment: "It is a  remarkable fact that even in those non-nervous  tissues  from 
which  the virus of poliomyelitis  may be isolated at autopsy, its effect is so 
subtle that as yet it cannot be demonstrated by histologic mea,  ns." In the fol- 
lowing paragraph he points out "... that virus activity cannot be detected in 
the CNS until microscopic lesions are apparent." It seems obvious to us that 
outside the CNS as well as within it, the combination of lesions and virus in a 
given tissue is necessary to prove that the latter is actively infected and not a 
mere passive repository of virus. Such proof has never been provided in the case 
of potiomyditis for any extraneural tissue, but has been provided for the periph- 
eral ganglia. In regard to (b) we have shown (7), we believe conclusively, that 
virus appears in the alimentary lumen by a process of excretion from the re- 
gional ganglia, occurring as early as 2 days after parenterally induced infection 
in which primary contact between the virus and the alimentary mucosa was 
excluded. In this connection we may point out the relatively late initial ap- 
pearance (average 10.5 days after feeding) of Br virus in the stools of the large 
series of chimpanzees reported by Howe,  Bodian, and Morgan (13). It may 
also be noted that in 5 of their animals in which repeated tests for stool virus 
were negative after the first inoculation with Br.  serum  antibodies  later ap- 
peared in titers of 2.0-3.3  (1/100-1/2000),  indicating that infection had oc- 
curred, without demonstrated involvement of the mucosal surfaces. 
That the appearance of virus in the blood is due to initial implantation in 
extraneural rather than in neural tissues is pure assumption,  without factual 
basis, opposed by the absence of extraneural lesions, and by the positive  evi- 
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accumulation of virus  in  lymph nodes,  spleen  and  other  organs containing 
reticulo-endothelial cells, whose function is to remove foreign matter from the 
circulation. More important, it can probably provide another  means of con- 
veyance of virus from the periphery into the CNS,  in addition to the mecha- 
nism  of direct centripetal axonal spread which we have proposed.  If so,  we 
believe the area postrema is not the point of entry. The relative importance of 
the two mechanisms awaits further study, but it can be said that they are not 
mutually exclusive. 
s~r~y  A~I~ CONCLUSIONS 
Poliomyelitis virus, when ingested by c~o~olgus monkeys in their regular 
food, infected peripheral ganglia (nodose) as early as the 3rd day, as shown by 
recovery of the virus.  Conditions on the 2nd and 4th days were not investi- 
gated, but on the 5th and 6th days, virus was recovered from the Gasserian 
and nodose ganglia,  and from  the  superior  cervical  sympathetic and  celiac 
ganglia. 
The findings indicate that the method of oropharyngeal swabbing used in a 
study already reported and the method of simple feeding used in the present 
study produce comparable results. 
Viremia, noted in the present study, was contemporaneous with virus re- 
coveries from the ganglia. 
Reasons are  presented why the peripheral  ganglia are  the most probable 
source of viremia since these are the only known site of early lesions (which are 
typical and appear as early as the 2nd day after oral infection) and no lesions 
are known to occur in extraneural tissues. 
Invasion of the CNS occurred in 3 animals out of ll; one on the 5th and 2 on 
the 6th day. Whether this was due to viremia or to centripetal extension along 
axonal channels is not clear. 
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